S3
sites) was generated by overlap extension PCR from four different fragments, each of which was generated from four separate PCR reactions using pKK3535 (a vector that encodes the rrnB operon; see http://cgsc.biology.yale.edu/Site.php?ID=122424) as a template. To prepare the 16S-5' fragment, template was mixed with 16Sstart-f and j1-16S1449-r2 (see Table S1 ). To prepare the 23S-3' fragment, j1-23S2861-f2 and 23S3'-r were mixed without template (the two primers self-anneal to generate the 85 bp product). To prepare the 23S-5' fragment, template was mixed with 23S5'-f and j1-23S2856-r2. To prepare the 16S-3' fragment, template was mixed with j1-16S1454-f2 and 16Send-r. The four fragments were restricted with DpnI, column purified, and then 0.16 pmol of each was added to a new PCR reaction using an annealing temperature of 66˚C, an extension time of 3 min, and 16 cycles (assembly step). Finally, 1 µL of the reaction medium from the assembly step was introduced to a new 40 µL-scale PCR reaction, treated with 16Sstart-f and 16Send-r as primers, and cycled 25 times with an annealing temperature of 68˚C
and an extension time of 3 min (purifying step). The PCR product was cloned into the pTOPO vector using the Zero Blunt TOPO PCR cloning kit (Life Technologies) according to the manufacturer's instructions. Colony PCRs (using 16Sstart-f and 16Send-r as primers) were used to determine which of the resultant clones contained the long ~5000 bp insert, of which half did. Positive clones were grown overnight in selective media, and pTOPO-ribo(h44H101) was isolated from the resulting cultures. h44H101 was next cloned into the pRSF backbone (which contains the inducible P tac promoter upstream of the rrnB operon, the lacI gene, a KanR resistance marker, and an RSF origin) used in prior studies of the orthogonal ribosome. [1, 2] The linearized pRSF backbone was obtained by amplifying pRSF-O-Ribo with clone-pRSFbb-r and clone-pRSFbb-f; ribo(h44H101) was lifted from pTOPO by amplifying with 16Sstart-f and 16Send-r; the two reactions were restricted with DpnI, gel extracted and column purified, and subject to Gibson assembly to generate pRSF-ribo(h44H101). Two rounds of site-directed mutagenesis were carried out to install the orthogonal mRNA-S4 binding site on the 16S rDNA using 16S-ortho1-f and 16S-ortho1-r in the first round, and 16S-ortho2-f and 16S-ortho2-r in the second round.
Construction of other pRSF plasmids.
Where a "wild-type" orthogonal ribosome is used in this study (i.e., a ribosome with an orthogonal anti-ShineDalgarno site but otherwise identical to the E. coli ribosome) we have used the ribosome described in Wang et al. 2 (referred to as ribo-X in the previous reference). To insert toxic mutations G2252A and G2553C into pRSF-Oribo(h44H101), the QuickChange procedure was carried out by performing enzyme inverse PCR on pRSF-O-ribo(h44H101) with either WS160f-G2252A
and WS160r-G2252A or WS159f-G2553C and WS159r-G2553C as primers. The PCR products were restricted with DpnI, and transformed by heat-shock into chemically competent NEB 5alpha cells. Six to ten clones of each were grown overnight in selective media, from which DNA was purified and sequenced. In the pRSF-O-ribo(h44H101) background, these mutations were successfully incorporated about one in four times; we were not able to successfully incorporate these mutations into the pRSF-O-ribo background (all clones sequenced were wild-type).
Reporter Plasmids. The primary reporter used in this study was p15A-O-cat, a plasmid containing a TetR resistance marker, a p15A origin, and an insert encoding chloramphenicol acetyl transferase with the following structure: a constitutive trp promoter, followed by an orthogonal Shine-Dalgarno site (ATATCCT) 6 bp upstream of a synthetic E. coli codon-optimized chloramphenicol acetyltransferase open-reading frame. This plasmid was described previously. After incubating for 5 min, 0.2 mL of cold chloroform was added, and the suspensions were mixed by shaking vigorously for 15 s. After incubating for 2 min, the suspensions were centrifuged for 15 min at 12000 g, 4˚C. 400 µL of the upper colorless phases were transferred to new tubes and precipitated by addition of 500 µL ice-cold isopropanol. After incubating for 10 min, the RNA precipitate was harvested by centrifugation for 10 min at 15000 g, 4˚C.
Isopropanol was removed, and RNA was washed once with 500 µL 80% ethanol.
Ethanol was removed by air drying at 37˚C for 10 min, and the RNA was resolubilized in 30-50 µL of RNase-free water. Concentrations were determined by Nano Drop to be around 2000 ng µL -1 .
Electrophoresis. 15 µg of RNA was mixed with 15 µL of glyoxal loading dye from the NorthernMax-Gly kit (Ambion), and incubated for 30 min at 50˚C with agitation. Agarose gels consisting of 0.6 g agarose, 6 mL 10x Gel Pre/Running buffer, and 54 mL DEPC-treated water were cast in a clean RNaseZapped (Ambion) electrophoresis chamber. Denatured RNA was loaded into the gel and electrophoresed at 60 V for 60-80 min, till the bromophenol blue band was about two-thirds the way to the end of the gel. Gels were imaged on a ChemiDoc (Biorad) by ethidium bromide staining, and band intensities were quantitated using Image Lab (Biorad).
Northern Blotting. RNA was transferred from agarose gels to a nylon membrane using iBlot DNA transfer stacks (Life Technologies) according to the manufacturer's instructions, and hybridized to the nylon membrane by UV irradiation in a UV oven. [3] The membrane was rolled into a 50 mL falcon tube, to which 10 mL hybridization buffer (Ambion), and incubated at 37˚C for 30 min in a S6 spinning hybridization oven. Biotinylated probe specific to the orthogonal antiShine-Dalgarno (10 pM; Sigma) was added and hybridized over night. The following day, the membrane was washed twice with low stringency wash solution (Ambion): once for 10 min at room temperature, and then 5 min at 37˚C.
Labeling was carried out with the chemiluminescent nucleic acid detection module (Thermo) Each experiment was conducted in triplicate by dispensing 4 µL of recovery into three separate but identically prepared wells. Plates were sealed with parafilm to prevent evaporation and loaded into a Tecan plate-reader equilibrated to 37˚C.
Cells were agitated at 37˚C, and absorbance at 600 nm was recorded for each well every 10 minutes for ca. 24 h. 
Chloramphenicol Growth

Luciferase Reporter Assays.
Electrocompetent DH10b cells were co-transformed with the reporter construct pR22-oDLR [2] (encoding a fusion protein between firefly and renilla luciferases preceded by an orthogonal ribosome binding site) and various pRSF plasmids encoding different (orthogonal) ribosomes, and plated on LB Agar supplemented with 100 µg mL -1 Ampicillin and 50 µg mL -1 Kanamycin (LB-AK).
Three single colonies were inoculated into 5 mL LB-AK and saturated overnight.
The overnight culture was diluted to a starting OD 600 of 0.02 into a new 5 mL culture consisting of LB supplemented with 50 µg mL -1 Ampicillin, 25 µg mL 2 From helix-end to helix-end, using the structure 5AFI. * Would require deleting off helices 8, 9, and 10.
† Would involve tethering the head region to the central protuberance (both mobile regions). Table S2 for fit parameters). (B) Growth curves of E. coli bearing the p15A-O-cat reporter but without a plasmid encoding an orthogonal ribosome at 37˚C in liquid LB media (see Table S3 for fit parameters). Tables   Table S1. 
WS160r-2252A GGAGGAGACCGCTCCAGTCAAACTAC Site-directed mutagen.
WS159f-G2553C CAAGGGTATGGCTCTTCGCCATTTAAAG
Site-directed mutagen.
WS159r-G2553C CTTTAAATGGCGAAGAGCCATACCCTTG
oASDprobe
[biotin]TAATCCCATGATCCAACCGCAGGTTC CC Northern blot 
